10 Geotechnical design may be unsafe if the anisotropic behaviour of soil is not considered. The The results showed that stress direction had a significant effect on the non-coaxiality between 20 the principal strain increment direction and the principal stress direction. The soil fabric was 21 led to significant non-coaxiality value before the peak shear strength. Increasing the 22 octahedral shear strains decreased the non-coaxiality value due to destruction of the soil 23 particle interlock (soil fabric). The effect of stress direction on non-coaxiality and excess pore 24 water pressure generation was also investigated. 
Introduction

28
The effect of major principal stress direction, α, relative to the vertical axis on the monotonic 29 and cyclic behaviour of soil is relevant to the development of constitutive models. No 30 comprehensive investigation on the effect of stress direction on the monotonic and cyclic 31 behaviour of soil has been published. In particular, the axes of the principal stress vary in 32 many conventional tests apparatuses and cannot be controlled during testing. However, 33 laboratory tests such as simple shear test, directional cell test, and torsional hollow cylinder 34 test are able to control the direction of the principal axes of stress [1] [2] [3] [4] [5] [6] [7] . The hollow cylinder 35 apparatus is widely-used device that can be used to investigate the anisotropic behaviour of 36 soil [5, 6, [8] [9] [10] . A brief review of this apparatus can be found in Hight et al. [7] . 37 The impact of anisotropy on the behaviour of sand has long been recognized [11 and 12] . 38 Anisotropy refers to any directional dependence in mechanical characteristics. Many research 39 works showed the anisotropy is one of the most important parameters influencing soil 40 behaviour [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Casagrande and Carillo [23] observed that soils exhibit two types of 41 anisotropy (i.e. inherent and induced anisotropy). During the deposition process the soil cyclic behaviour of sands. These studies showed that the rotation of the principal axis can 66 cause liquefaction or strength reduction at a constant deviator stress. 67 Intermediate principal stress parameter, b, is not an influencing factor for the behaviour of 68 saturated sands. Many studies have reported that, for a given value of α, the intermediate 69 principal stress parameter, b, has little or no effect on the response of the sand (e.g. shear 70 strength and internal friction angle) to monotonic and cyclic loading [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . These studies 71 and others have concluded that α has a significant influence on the response of the sands; 72 however, the effect of b on liquefaction and pore water pressure build-up has also been 73 reported. Yang et al. [33] observed that, under otherwise identical conditions, specimens 74 tested at b = 0.0 exhibited greater resistance and the highest pore pressure build-up occurred 75 at b = 1.0. In general, the effect of intermediate principal stress on soil behaviour is not 76 significant when compared with the major principal stress direction, especially for dense 77 sand. 78 The effects of major principal stress direction on the soils behaviour were investigated in the 79 tests with the fixed direction of principal stress [41] [42] [43] [44] [45] [46] [47] [48] . The main purpose of such 80 experiments were to clarify uncertainties in the determination of the shear strength (e.g. 81 steady state or peak shear strength), internal friction angle, and the non-coaxiality which is 82 defined as the no-coincidence between the principal stress axis and the principal strain rates 83 axis. It has been found that, for the certain conditions of soil, the undrained behaviour of 84 sands is influenced by the shearing mode. Most of these research works were focused on the 85 behaviour of soils subjected to the monotonic loading. Therefore, more undrained tests 86 should be performed to clarify the effects of principal stress direction on the response of soils 
Tested materials and specimen preparation
125
Two uniformly-graded sands, Babolsar and Toyoura, a standard Japanese sand, were selected as test materials. Apart from the grading, the size and shape of the sand particles emerged as 127 significant parameters that effect the response of sand in a remarkable manner. The selected 128 materials are fine sand with relatively similar particle shapes. The Babolsar sand has slightly 129 coarser particles than Toyoura sand; thus, the effect of particle size could be investigated 130 throughout the tests. The particles of Babolsar sand are sub-rounded to sub-angular as 131 illustrated in Fig. 2(a) . The Babolsar sand was obtained from the South coast of the Caspian 132 Sea. Toyoura sand is uniform fine material with mainly sub-angular particles shape ( Table 2 . According to the USCS definition, these 136 two sands can be characterised as poorly-graded sands (SP).
137
The HCA specimens were prepared by wet tamping technique to minimize the degree of 138 inherent anisotropy. In addition, the moist under compaction technique was used to obtain 139 specimens with highly uniform density over its height [53] . This technique has been applied and back pressure were all kept constant. Following consolidation, the specimens were 150 subjected to the monotonic or cyclic loading. Two set of tests were performed in this study:
151 monotonic tests were conducted in strain controlled manner by increasing deviator stress, q, 152 until failure (Fig. 4(a) ). Monotonic shear loading was applied on the dense specimens which 153 major principal stress inclination, α, was fixed at 10º, 30º, 45º, 60º, and 80º ( Fig. 4(b) ). The 154 second type of tests were cyclic tests which the cyclic load was applied in stress controlled 155 manner by a constant deviator stress ratio, q/σ' 0m ( Fig. 4(a) ). Cyclic shear load performed at 156 fixed α (i.e. α=10º, 30º, 45º, 60º, and 80º). Stress paths of these tests are shown in Fig. 4(c) .
157
The typical effective stress path, p'-q, curves of some monotonic and cyclic tests conducted 158 on the dense specimens are shown in Fig. 5 The geometrical interface angle (υ' d ) range increases from 0º (at high effective confining 227 pressures) to 30º (at low effective confining pressures), and depends on the initial density, 228 effective confining stress, and surface roughness of the particles [60] [61] [62] . 229 The mobilized friction angle (υ' mob ) can be written as: of thesand. An increase in strain will destroy particle interlock and the initial fabric. This will 257 decrease the degree of anisotropy as the strain increases and the sand behaviour will become 258 isotropic. Thus, the effect of stress anisotropy on the internal friction angle will decrease due 259 to the destruction of the soil fabric.
260
The results revealed that for a particular void ratio, confining stress and laboratory procedure, 261 the friction angle at steady state remained unchanged in dense sand and was not affected by 262 the stress direction (Fig. 6) The direction of major principal stress and major principal strain increments for dense ones. The N is the number of cycles, the N f is the number of cycles to the failure of 275 specimens, and the γ oct is the octahedral shear strain.
276
In both monotonic and cyclic tests, the major strain increment directions for α=10º and 30º 
286
As shown in Fig.s 7 and Toyoura sands is indicated in Fig.10 of the major principal stress for specimens tested at α<45º. As it can be seen in Fig. 8 , 372 The plane of cross anisotropy had reverse effect on the specimens tested at α=45º, 60º, 373 and 80º, while the major principal stress direction was greater than the strain 374 increment direction. 
